Multi-level virtual ring : a foundation network architecture to support peer-to-peer application in wireless sensor network by Gao, Longxiang & Li, Ming
  
 
 
 
Gao, Longxiang and Li, Ming 2009, Multi-level virtual ring : a 
foundation network architecture to support peer-to-peer 
application in wireless sensor network, in ATNAC 2009 : 
Proceedings of the 2009 Australasian Telecommunication 
Networks and Applications Conference, IEEE, Piscataway, N. 
J., pp. 1-6.  
!
!
!
!
©2009 IEEE. Personal use of this material is permitted. 
However, permission to reprint/republish this material for 
advertising or promotional purposes or for creating new 
collective works for resale or redistribution to servers or lists, 
or to reuse any copyrighted component of this work in other 
works must be obtained from the IEEE. 
!
!"#$%&'$()($ *&+%#,$ -&./0 , 12#.3,%&2. 4(%52+6
7+89&%(8%#+( %2 :#;;2+% <((+'%2'<((+ 7;;$&8,%&2. &.
=&+($(>> :(.>2+ 4(%52+6
?2./@&,./ A,2 ,.3 "&./ ?&
:8922$ 2B C.B2+D,%&2. E(89.2$2/F
G(,6&. H.&)(+>&%FI "($J2#+.( K,D;#>
LL! M#+5223 N5FI M#+5223I *CK O!LP
QD,&$0 $@/R3(,6&.S(3#S,#
!"#$%&'$!"#$ %&'( )*$+,-%. )*-/-(0 01- 2-),$3%-(0 $4 )--*5
0$5)--* &)),'6&0'$( '( & #'*-,-.. .-(.$* (-0#$*78 01- '(2-9 0&+,-:
#1'61 .1$;,2 +- 2'.0*'+;0-2 .0$*-2 *&01-* 01&( ;.-. & 6-(0*&,
.-*/-* &. 01- 2'*-60$*< 01- ;('=;- ($2- '2-(0'!-*: #1'61 6&(($0
;.- 01- >,$+&, &22*-..-.? "1'. )&)-* )*-.-(0. & %;,0'5,-/-, /'*0;&,
*'(> @ABCD .0*;60;*- 0$ .$,/- 01-.- 0#$ )*$+,-%.?
"1- '(2-9 0&+,- '( ABC '. 2'.0*'+;0-2 .0$*-2 +3 ;.'(> 01- EF"
0-61('=;-? ABC '. 6$(.0*;60-2 2-6-(0*&,'G-2 &(2 *;(. $( %$+',-
($2-. 01-%.-,/-.: *-=;'*'(> ($ 6-(0*&, .-*/-* $* '(0-**;)0'$(?
H&%'(> .3.0-% '( ABC ;.-. (&0;*&, (&%-. *&01-* 01&( >,$+&,
&22*-..-. 0$ '2-(0'43 .-(.$* ($2-.? "1- ABC 6&( *$;0- 2'*-60,3
$( 01- (&%- '2-(0'!-*. $4 01- .-(.$* ($2-. #'01$;0 +-'(> &#&*-
01- ,$6&0'$(? I$%- .-(.$* ($2-. &*- .-,-60-2 &. 01- +&67+$(-
($2-. +3 01- +&67+$(- .-,-60'$( &,>$*'01% &(2 &*- ),&6-2 $( 01-
2'44-*-(0 ,-/-,. $4 01- /'*0;&, *'(>.? ABC 1&.1-. ($2-.J '2-(0'!-*.
$( 01- /'*0;&, *'(>: &(2 .0$*-. 01-% &0 01- +&67+$(- ($2-.?
K;*01-*%$*-: ABC &2$)0. 6*$..5,-/-, *$;0'(> 0$ '%)*$/- 01-
*$;0'(> -4!6'-(63?
L9)-*'%-(0. ;.'(> (.M .'%;,&0$* 4$* ;) 0$ MNN ($2-. .1$#
01&0 01- .0$*&>- &(2 +&(2#'201 *-=;'*-%-(0. $4 ABC >*$#
.,$#,3 #'01 01- .'G- $4 01- (-0#$*7? K;*01-*%$*-: ABC 1&.
2-%$(.0*&0-2 &. .-,45&2%'('.0*&0'(>: 4&;,050$,-*&(0: &(2 *-.','-(0
;(2-* 01- 2'44-*-(0 #$*7,$&2.?
()*+, -+%.#!)--*50$5)--*: (&%- *$;0'(>: EF": .-(.$* (-05
#$*7: %;,0'5,-/-, /'*0;&, *'(>
CS C4E-TGHKECT4
"NQ 3(D,.3 2B ;((+'%2';((+ ,;;$&8,%&2.> &. 5&+($(>>>(.>2+ .(%52+6 &> 9&/9 ,.3 (@;(8%(3 &. .(,+ B#%#+(I
J(8,#>( %9( 5&+($(>> >(.>2+ .(%52+6 &> (,>F %2 J( 3(;$2F(30 .2
.(%52+6 ,3D&.&>%+,%&2. &> +(U#&+(3 59(. .23(> V2&. 2+ $(,)(
%9( .(%52+6W!XS E9( ;((+'%2';((+ ,;;$&8,%&2. &. 5&+($(>> >(.>2+
.(%52+6 +(U#&+(> , 3&>%+&J#%(3 &.3(@ >F>%(D WLX 5&%9 #.&U#(
.,D( &3(.%&!(+ ,.3 (B!8&(.% >(,+89&./ ,.3 +2#%&./ >89(D(S
E9( 3&>%+&J#%(3 &.3(@ >F>%(D &> #>(3 %2 9,>9 .23(>Y &3(.'
%&!(+> 2. %9( )&+%#,$ +&./I ,.3 #>(> G&>%+&J#%(3 N,>9 E,J$(
ZGNE[ WOXI W\XI WPXI W]X %(89.&U#(> %2 >%2+( %9(D ,% 6(F .23(>S
E9( .,D( &3(.%&!(+ >F>%(D &> 3(>&/.(3 %2 &3(.%&BF , .23(
&.%2 , 8(+%,&. >&^( 3&/&%,$ 9,>9(3 ),$#(S K#++(.%$FI $2%> 2B
+2#%&./ >89(D(> ,+( #>&./ %9( /(2/+,;9&8 ,33+(>> &3(.%&BF
>F>%(D %2 >#;;2+% >(,+89&./ ,.3 +2#%&./ ;,86(%>I %9( ,33+(>>
+2#%&./ >89(D(> &. >(.>2+ .(%52+6 .((3 %2 3(;$2F >(+)(+> 2+
J(,82.> W_XI W`X %2 ,$$28,%( ,33+(>>(> B2+ >(.>2+ .23(>S C% &>
>#&%,J$( B2+ %9( ;((+'%2';((+ ,;;$&8,%&2. &. %9( 5&+(3 .(%52+6I
925()(+ &% &> &D;2>>&J$( &. 5&+($(>> >(.>2+ .(%52+6I &B 5(
82.>&3(+ %9( D2J&$&%F 89,+,8%(+ 2B 5&+($(>> >(.>2+ .(%52+6S
MF ,.,$F^&./ %9(>( 89,+,8%(+>I 5( J($&()( %9( .(5 ;((+'%2';((+
+2#%&./ >89(D( >92#$3 J( J,>(3 2. .,D( &3(.%&!(+ +,%9(+ %9,.
,33+(>>S
=( ,.,$F^( "*-I >925 %9,% &% &> 82++(8% ,.3 (B!8&(.%I
,.3 ;+(>(.% >&D#$,%&2. +(>#$%> %2 >#;;2+% 2#+ ,.,$F>&> JF
#>&./ !"# WaX >&D#$,%2+S "*- 32(> .2% 2.$F #>&./ %9( 8+2>>'
$()($ +2#%&./ %2 &D;+2)( %9( +2#%&./ (B!8&(.%$FI J#% ,$>2 J(&./
>8,$,J$( &. %9( B2$$25&./ >(.>(>0
![ 423(> &. >(.>2+ .(%52+6 32(> .2% .((3 2%9(+ /$2J,$
&.B2+D,%&2. %2 &3(.%&BF %9(&+ .,D(>S
L[ E9( >(,+89&./ ;+28(>> >92#$3 J( (B!8&(.%I 5&%92#% ,3'
3+(>> &3(.%&!(+ ,.3 J+2,38,>%S
O[ E9( +2#%&./ ;+28(>> >92#$3 J( >D,+%I 5&%92#% /2&./
%9+2#/9 ()(+F .23( ,$2./ %9( +2#%(S
E9( +(>% 2B %9( ;,;(+ 3(>8+&J(> %9( 3(>&/. ,.3 >&D#$,%(3
;(+B2+D,.8( 2B "*-S :(8%&2. L +()&(5> %9( (@&>%&./ +($,%(3
>89(D(> &. >(.>2+ .(%52+6S :(8%&2. O 3(>8+&J(> %9( >%+#8%#+(
,.3 ,$/2+&%9D> 2B "*- &. 3(%,&$>S :(8%&2. \ >%#3&(> %9(
>&D#$,%&2. +(>#$%> 2B "*-S :(8%&2. P >#//(>%> ,+(,> B2+ B#%#+(
+(>(,+89S :(8%&2. ] >#DD,+&^(> %9( ;,;(+Y> 82.%+&J#%&2.>S
CCS -Q?7EQG =T-b
K#++(.%$FI , ),+&(%F 2B ;((+'%2';((+ ,;;$&8,%&2.> 9,)( J((.
5&3($F 3(;$2F(3 ,.3 #>(3 &. C.%(+.(%I >#89 ,> :6F;(W!cXS C.
%9(>( ,;;$&8,%&2.>I !$(> ,+( >%2+(3 ,% %9( ;((+> +,%9(+ %9,.
,% , 8(.%+,$ >(+)(+ ,.3I ,> 2;;2>(3 %2 %9( %+,3&%&2.,$ 8$&(.%'
>(+)(+ D23($I !$(> ,+( %+,.>B(++(3 3&+(8%$F J(%5((. ;((+>S
H.B2+%#.,%($FI D2>% 2B %9( 8#++(.% ;((+'%2';((+ >F>%(D> ,+( .2%
>8,$,J$(S 12+ (@,D;$(I &. :6F;( , 8(.%+,$ >(+)(+ &> +(U#&+(3 %2
>%2+( %9( $2/&. ,.3 &.3(@ &.B2+D,%&2. &. 59&89 #>(+ .,D(>
,.3 ;,>>52+3> ,+( >%2+(3S E9&> >(+)(+ ,$>2 (.>#+(> %9,% :6F;(
$2/&. .,D(> 8,. J( D,;;(3 %2 C< ,33+(>> ,.3 ;2+% .#DJ(+ )&,
:EH4 ;+2%282$S :&.8( %9&> ;,;(+ &> B28#> 2. %9( B2#.3,%&2. 2B
;((+'%2';((+ ,;;$&8,%&2. &. 5&+($(>> >(.>2+ .(%52+6I 5( ;#% 2#+
52+6 D,&.$F &. %9( +2#%&./ >89(D( 2B %9( 82.%(@% 2B 5&+($(>>
+2#%&./S
M,>(3 2. +2#%&./ >89(D(> ,.3 ;+&.8&;$(>W!!XI 5( 8$,>'
>&BF %9(D &.%2 %52 8,%(/2+&(>0 ,33+(>> +2#%&./ ,.3 .,D(
+2#%&./S 7$$ %+,3&%&2.,$ +2#%&./ >89(D(>I >#89 ,> G(>%&.,'
%&2. :(U#(.8(3 G&>%,.8( *(8%2+ ZG:G*[W!LXI 73'928 T.'
3(D,.3 G&>%,.8( *(8%2+ -2#%&./ Z7TG*[W!OXI N&(+,+89&8,$
978-1-4244-7322-9/YR/$26.00 ©2009 IEEE 1
Authorized licensed use limited to: DEAKIN UNIVERSITY LIBRARY. Downloaded on June 09,2010 at 00:47:57 UTC from IEEE Xplore.  Restrictions apply. 
L:%,%( -2#%&./ ZN:-[W!\XI M(,82. *(8%2+ -2#%&./ ;+2%282$
ZM*-[W`XI A+((3F <(+&D(%(+ :%,%($(>> -2#%&./ ZA<:-[W_X ,.3
>2 2.I ,+( J($2./&./ %2 %9( ,33+(>> +2#%&./ 8,%(/2+FS E9(F #>(
,33+(>>(> ,> %9(&+ #.&U#( &3(.%&!(+>I 59&89 ,+( 5&3($F #>(3
&. 5&+(3 .(%52+6I J#% &% &> .2% >#&%,J$( &. %9( 5&+($(>> >(.>2+
.(%52+6S M(8,#>(I &. %9( 5&+($(>> >(.>2+ .(%52+6I %2;2$2/&(>
,+( .2% >%,%&8I &.>%(,3 $28,%&2.> B2+ >(.>2+ .23(> ,+( 3F.,D&8
89,./(3S E9(+(B2+( ,33+(>> &3(.%&!(+> 8,. .2% J( #>(3 %2
#.&U#( &3(.%&BF , >(.>2+ .23(S
E9( .,D&./ +2#%&./ &> 3()($2;(3 %2 >#&% %9(>( 89,+,8%(+>
&. 5&+($(>> >(.>2+ .(%52+6W!PXI 59(+( (,89 .23( 8,. #>( ,
.,D( ,> , #.&U#( &3(.%&!(+ Z&S(SI "7K ,33+(>>[ ,.3 3&>%+&J#%(
&% ,D2./ , >(.>2+ .(%52+6 5&%92#% ;+('3(!.(3 ,33+(>> &.B2+'
D,%&2.S MF #>&./ %9&> 5,FI .,D( +2#%&./ ,)2&3> 3+,5J,86>
2B ,33+(>> +2#%&./ ,.3 8,. J( 3(;$2F(3 &. , $,+/( >(.>2+
.(%52+6 59(+( ()(+F .23( 8,. &3(.%&BF &%> .,D( JF %9+2#/9
>($B'$(,+.&./ ;+28(>>S *&+%#,$ -&./ -2#%&./ Z*--[W!]X &> ,.
2+&/&.,%2+ B2+ %9( .,D( +2#%&./S E9( *-- #>(> %9( >(.>2+
.23(Y> .,%#+,$ &3(.%&!(+ ,.3 GNE %2 D,; >(.>2+ .23(> &.%2
, +&./S M,>(3 2. %9&> +&./I *-- ;(+B2+D> 82.%&.#2#> 9,>9
>(,+89&./ ,.3 >&./$( +2#%( +2#%&./S E9&> +2#%&./ ;+2%282$ 8,.
,89&()( .,D( +2#%&./ ,.3 ,)2&3 3+,5J,86> &. %9( ,33+(>>
+2#%&./S
C. %9&> ;,;(+I 5( &.%+23#8(3 %9( D#$%&'$()($ )&+%#,$ +&./
Z"*-[ >%+#8%#+( 59&89 J($2./> %2 %9( .,D( +2#%&./ 8,%(/2+FS
"*- &D;+2)(> %9( +2#%&./ ;(+B2+D,.8( 59&89 *-- 9,>
>#BB(+(3 B+2D %9( >&./$( $()($ +2#%&./S =&%9 %9( J,86J2.(
>($(8%&2. B#.8%&2.I %9( 82..(8%&)&%F &> 82.>&3(+(3 &. 8,$8#$,%&2.
%2 3(%(+D&.( %9( J,86J2.( .23(> 2. %9( 3&BB(+(.% $()($> 2B +&./S
=&%9 %9( GNE'>%F$( >(,+89&./ ,.3 D,;;&./I %9( >(.>2+ .23(>
8,. J( $28,%(3 &. D,@&D#D log(N) >%(;> &. , .(%52+6 5&%9
N .23(>S =&%9 %9( 8+2>>'$()($ +2#%&./ D(89,.&>DI ;,86(%> 32
.2% .((3 %2 /2 %9+2#/9 ()(+F .23( ,$2./ %9( >&./$( +2#%(S
CCCS "H?EC'?Q*Q? *C-EH7? -C4A 1-7"Q=T-b
:2D( 89,$$(./( (@&>% %2 >#;;2+% ;((+'%2';((+ ,;;$&8,%&2.>
+#..&./ &. 5&+($(>> >(.>2+ .(%52+6>0 ,33+(>>(> ,+( .2% >#&%,J$(
%2 &3(.%&BF D2J&$( .23(> J(8,#>( .(%52+6 %2;2$2/&(> ,+( .2%
>%,%&8d >(.>2+ .23(> 9,)( $&D&%(3 +(>2#+8(> &. %(+D> 2B D(D2+F
,.3 ;25(+ 59&89 ,+( >(.>&%&)( B2+ %9( >&^( 2B %9( +2#%&./ %,J$(d
,.3 %9( +2#%&./ ;(+B2+D,.8( &> ,$>2 , J&/ 82.8(+.S
E9( "#$%&'$()($ *&+%#,$ -&./ Z"*-[ >%+#8%#+( ,&D> ,%
!@&./ %9(>( ;+2J$(D>S 1&+>%I %9( "*- /(%> +&3 2B ,33+(>>(>
,$%2/(%9(+S E9,% &>I 5( ;+2;2>( %2 +2#%( 3&+(8%$F 2. %9( .,D(
&3(.%&!(+> 2B D2J&$( .23(>S E9( .,D( &3(.%&!(+ >F>%(D &>
,;;$&(3 %2 2+/,.&^( %9( 3&BB(+(.% .23( .,D( B2+D,% &.%2 ,
8(+%,&. >&^( B2+D,%S :(82.3I %9( "*- #>(> %9( J,86J2.(
>($(8%&2. ,$/2+&%9D %2 >($(8% 6(F .23(> ,.3 ;$,8( %9(D 2. %9(
3&BB(+(.% $()($> 2B %9( +&./S E9&+3I 5&%9 G&>%+&J#%(3 N,>9 E,J$(
ZGNE[ WOXI WPX %(89.&U#(>I %9( &.B2+D,%&2. 2B %9( J,86J2.(
.23(> ,.3 ;((+'%2';((+ ,;;$&8,%&2. 3,%, 8,. J( 3&>%+&J#%(3
D,;;(3 2. %9( +&./ 59&89 9($;> %2 +(3#8( %9( >&^( 2B %9(
+2#%&./ %,J$(S 1&.,$$FI &. D2>% 8,>(>I ;,86(%> 8,. J( +2#%(3
8+2>>&./ D#$%&;$( $()($>I 59&89 &D;+2)(> %9( +2#%&./ ;(+B2+'
D,.8( JF , >92+%8#% ;,%9 ,.3 >,)(> ;25(+S
C. 2+3(+ %2 &D;$(D(.% %9( "*- >%+#8%#+( ,.3 (@(+% &%>
,3),.%,/(>I 5( 3()($2;(3 %9( B2$$25&./ 82D;2.(.%>0
7
M
K
1
N
?
b
C
A
G
Q
e
1&/S !S 7 >,D;$( 2B >(.>2+ .(%52+6
• M,86J2.( :($(8%&2.
• 4,D&./
• ",;;&./
• :(,+89&./
• -2#%&./
$% &'()*+!, -,.,(/0+!
E9( J,86J2.( >($(8%&2. &> #>(3 %2 3&BB(+(.%&,%( 6(F .23(>
B+2D .2+D,$ .23(> ,.3 2+/,.&^( %9(D ,> %9( J,86J2.( .23(>
B2+ (,89 )&+%#,$ $()($I ,882+3&./ , 8(+%,&. >($(8%&2. 8+&%(+&,S
E9( +(>% 2B .2+D,$ .23(> 5&$$ J( %+(,%(3 ,> 89&$3+(. 2+ $(,)(>
J($2./&./ %2 J,86J2.( .23(>S
E9( J,86J2.( >($(8%&2. ,$/2+&%9D &> , >($B'+#..&./ ,$/2'
+&%9DI &% 32(> .2% .((3 %2 >(% #; ,.F &.B+,>%+#8%#+(S C.>%(,3I
(,89 .23( +#.> %9&> ,$/2+&%9D ,.3 /(%> &%> )&+%#,$ $()($ &.B2+'
D,%&2.S 12+ , /+,;9 G = (V,E)I , )(+%(@ v ∈ V +(;+(>(.%>
, .23(I ,.3 ,. (3/( (u, v) &.3&8,%(> %9,% %52 .23(> u ,.3 v
,+( 5&%9&. %9(&+ %+,.>D&>>&2. +,./(S 7 >#J>(% 2B %9( )(+%(@I
Vb ⊆ V I &> , J,86J2.( >(% &B (,89 )(+%(@ &. V − Vb 9,> ,%
$(,>% 2.( .(&/9J2+ &. VbS 7 )&+%#,$ J,86J2.( +&./ &> 82.>%+#8%(3
JF )&+%#,$$F 82..(8%&./ %9( J,86J2.( .23(>S =( 3()($2; %9&>
,$/2+&%9D B2+ 82.>%+#8%&./ %9( )&+%#,$ J,86J2.( +&./S
E9( !+>% >%(; 2B J,86J2.( >($(8%&2. ,$/2+&%9D B2+ (,89
>(.>2+ .23( &> %2 >(.3 9($$2 D(>>,/( ZN($$2"(>>,/([ %2 &%>
2.( 92; ;9F>&8,$ .(&/9J2+>I 59(+( %9( N($$2"(>>,/( &.8$#3(>
%9( >2#+8( .23(Y "7K ,33+(>>S =9(. +(8(&)(+ +(8(&)(> %9(
N($$2"(>>,/(I &% 5&$$ /(% %9( >(.3(+Y> "7K ,33+(>> B+2D
%9( ;,86(% 9(,3(+ ,.3 >%2+( %9&> "7K ,33+(>> &.%2 &%> 25.
;9F>&8,$ .(&/9J2+ >(%S 7B%(+ , 8(+%,&. %&D(I ()(+F .23( /(%> ,$$
&%> ;9F>&8,$ .(&/9J2+>Y "7K ,33+(>>(> ,.3 >%2+(> %9(D &.%2
&%> 25. ;9F>&8,$ .(&/9J2+ >(%S
E9( >(82.3 >%(; 2B J,86J2.( >($(8%&2. ,$/2+&%9D &> %2
>(.3 %9( J,86J2.( >($(8%&2. D(>>,/(S E9( J,86J2.( >($(8%&2.
D(>>,/( &.8$#3(> %9( 8#++(.% ;9F>&8,$ .(&/9J2+ >(% &% 9,>S
=9(. %9( .23( +(8(&)(> J,86J2.( >($(8%&2. D(>>,/(>I &% 5&$$
/(% %9( >2#+8( .23(Y> ;9F>&8,$ .(&/9J2+ >(% B+2D %9(>( D(>>,/(
,.3 82D;,+( %9(D 5&%9 &%> 25. ;9F>&8,$ .(&/9J2+ >(%S CB %9(
+(8(&)(+Y> ;9F>&8,$ .(&/9J2+ >(% &.8$#3(> %9( >(.3(+Y> ;9F>&8,$
.(&/9J2+ >(%I %9,% D(,.> %9( +(8(&)(+ &> %9( 6(F .23(S E9(. %9(
+(8(&)(+ >(.3> , /(% +&3 2B D(>>,/( %2 %9( >(.3(+ ,.3 ,>>&/.>
%9( >($(8%&2. +2#.3 .#DJ(+ ,> &%> )&+%#,$ $()($ &.B2+D,%&2.I &.
%9&> 8,>( %9( +2#.3 .#DJ(+ &> !I >2 %9( )&+%#,$ $()($ &.B2+D,%&2.
2
Authorized licensed use limited to: DEAKIN UNIVERSITY LIBRARY. Downloaded on June 09,2010 at 00:47:57 UTC from IEEE Xplore.  Restrictions apply. 
OO,>$*'01% P M,86J2.( :($(8%&2. 7$/2+&%9D
!0 &.% *&+%#,$?()($f!I "F?()($fcd
L0 -(8(&)( J,86J2.( >($(8%&2. D(>>,/( 5&%9 %9( .(&/9'
J2+ >(% ;,+,D(%(+
O0 #1',- "F?()($ffc 2$
\0 '4 DF .(&/9J2+ >(% &.8$#3(> %9( .(&/9J2+ >(% 01-(
P0 C.B2+D >2#+8( >(.>2+ .23( %2 /(% +&3 2B &%>($B ,.3
*&+%#,$?()($gg
]0 -,.-
_0 "F?()($ f *&+%#,$?()($
`0 -(2 '4
a0 -(2 #1',-
B2+ %9( +(8(&)(+ &> !S 7B%(+ %9,%I %9( +(8(&)(+ 5&$$ (.%(+ &.%2
%9( .(@% J,86J2.( >($(8%&2. +2#.3S CB %9( >(.3(+Y> ;9F>&8,$
.(&/9J2+ >(% &.8$#3(> +(8(&)(+Y> ;9F>&8,$ .(&/9J2+ >(%I %9(. %9(
+(8(&)(+ 5&$$ /(% +&3 2B &%>($B ,.3 &.B2+D %9( >(.3(+ %2 (.%(+ &.%2
%9( .(@% +2#.3S =9(. %9( +(8(&)(+ /(% +&3 2B &%>($BI &% 5&$$ ,>>&/.
%9&> +2#.3 .#DJ(+ ,> &%> 8#++(.% )&+%#,$ $()($S CB .(&%9(+ %9(
>(.3(+ 2+ +(8(&)(+ &> &.8$#3(3 (,89 2%9(+I %9(. %9&> J,86J2.(
>($(8%&2. D(>>,/( 5&$$ J( 3+2;;(3S 7.3 J2%9 .23( 5&$$ (.%(+
&.%2 %9( .(@% +2#.3S C. %9( >(82.3 +2#.3I .23(> 5&$$ #;3,%(
%9(&+ J,86J2.( >($(8%&2. >(%I 59&89 2+&/&.,$$F &> %9( >,D( ,>
%9( ;9F>&8,$ .(&/9J2+ >(%S 7.3 %9(F 5&$$ >(.3 ,.3 +(8(&)(
J,86J2.( >($(8%&2. D(>>,/(> ,> %9( !+>% +2#.3I (@8(;% %9(+( &>
.2 89&$3+(. ,% ,$$S 7B%(+ >()(+,$ +2#.3>I .23(> 5&$$ J( /(% +&3
2B JF %9(D>($)(> 2+ JF 2%9(+ .23(>S Q)(.%#,$$FI %9(+( >92#$3
2.$F $(B% 2.( 2+ ^(+2 .23( &. %9&> >(.>2+ .(%52+6S CB %9(+( &>
^(+2 .23(I %9( J,86J2.( >($(8%&2. ;+28(>> 5&$$ J( >%2;;(3S CB
%9(+( &> 2.( .23( $(B%I %9&> .23( 5&$$ ,>>&/. %9( )&+%#,$ $()($ ,>
%9,% +2#.3Y> .#DJ(+I ,.3 %9( J,86J2.( >($(8%&2. ;+28(>> 5&$$
J( >%2;;(3S 7B%(+ %9&> J,86J2.( >($(8%&2. ;+28(>>I ()(+F .23(
5&$$ /(% , )&+%#,$ $()($ ,.3 %9&> )&+%#,$ $()($ 5&$$ J( #>(3 &.
%9( .,D&./ ,.3 D,;;&./ ;+28(>>S
12+ (@,D;$(I &. %9( >(.>2+ .(%52+6 >925. &. 1&/#+( !S C.
%9( !+>% +2#.3 %9( .23(> &. +(3 82$2+ ,+( /+2#;(3 &.%2 %9(
h$(,)(>i .23(> J(8,#>( %9(F ,+( h89&$3+(.i 2B %9( 2%9(+ .23(>
Z&S(SI /+((. .23(> ,.3 J$#( .23(>[S E9(>( .23(> Z&. +(3 82$2+[
,+( +(D2)(3 B+2D %9( J,86J2.( >($(8%&2.S E9( 2%9(+ .23(>
Z&. /+((. 82$2+ ,.3 J$#( 82$2+[ B2+D %9( ?()($ ! J,86J2.(
+&./S C. %9( >(82.3 +2#.3I %9( .23(> &. /+((. 82$2+ 5&$$ J(
+(D2)(3 J(8,#>( %9(F ,+( %9( h89&$3+(.i 2B %9( 2%9(+ .23(>
Z&. J$#( 82$2+[S :2I %9( .23(> Z&. J$#( 82$2+[ B2+D %9( ?()($ L
J,86J2.( +&./S C. %9&> 8,>( .23( 7IM ,.3 K ,+( %9( 89&$3+(.
2B Gd .23( N ,.3 C ,+( 89&$3+(. 2B .23( Ad .23( b ,.3 ?
,+( 89&$3+(. 2B e ,.3 .23( 1 &> %9( 89&$3 2B QS E9( 6(F .23(
AIeIG ,.3 Q B2+D %9( J2%%2D )&+%#,$ +&./d .23( A ,.3 Q B2+D
%9( >(82.3 )&+%#,$ +&./ ,.3 D,; %2 %9( J2%%2D )&+%#,$ +&./ ,%
%9( >,D( %&D(I ,> >925. &. 1&/#+( LS
&% 1'20!3
E9( .,D&./ ;+28(>> &> %2 /&)( .23( , #.&U#( &3(.%&!(+S
M,>(3 2. %9&> ;+28(>>I .23(> 8,. J( ,>>&/.(3 #.&U#( .,D(>
5&%9 %9(&+ (DJ(33(3 &3(.%&!(+> &. ,. 2+/,.&^(3 >(.>2+ .(%'
52+6S E9( D2>% &D;2+%,.% %9&./ &> %9,% %9&> .,D&./ ;+28(>>
&> , >($B'$(,+.&./ ;+28(>>S :2I 5( 8,. ,)2&3 %2 3(;$2F ,.F
E
e
QA
N
C
b ?
A
7
M
K
1
Q
1&/S LS 7B%(+ %9( J,86J2.( >($(8%&2. ;+28(>>I %9( ;2>&%&2. 2B (,89 .23(
E7M?Q C
ENQ GC:E-CMHEQG -THEC4A
$/ !+4, 5/6,7 !+4, 8 5/6,7 !+4, # 5/6,7 !+4, 9
423(Zc[ Z![ ZL[ Z\[
423(Z![ ZL[ ZO[ ZP[
423(ZL[ ZO[ Z\[ Z][
423(ZO[ Z\[ ZP[ Z_[
423(Z\[ ZP[ Z][ Zc[
423(ZP[ Z][ Z_[ Z![
423(Z][ Z_[ Zc[ ZL[
423(Z_[ Zc[ Z![ ZO[
&.B+,>%+#8%#+(I 59&89 &> %9( 2.( 2B %9( /2,$> B2+ ;#+( ;((+'%2'
;((+ ,;;$&8,%&2. &. 5&+($(>> >(.>2+ .(%52+6S
E9( .,D&./ ;+28(>> &. "*- #>(> 9,>9 B#.8%&2.I >#89 ,>
:N7'! W!_XI %2 9,>9 .23(>Y &3(.%&!(+>S C. "*-I 5( #>( %9(
(DJ(33(3 9,>9 B#.8%&2.I NodeHash(MAC,Level) I %2 /(.'
(+,%( %9( .23(>Y &3(.%&!(+>S C. %9( NodeHash(MAC,Level)
B#.8%&2.I &% 9,> %52 (.%+&(>I 2.( &> %9( .23(Y> .,D( &3(.%&!(+I
"7K ,33+(>> &. %9&> 8,>(I ,.2%9(+ &> %9( .23(Y> )&+%#,$ $()($
&.B2+D,%&2. 59&89 &> 2J%,&.(3 B+2D %9( J,86J2.( >($(8%&2.
>%(;S MF #>&./ %9&> 5,FI 5( 8,. /&)( (,89 >(.>2+ .23( ,
#.&U#( &3(.%&!(+ 59&89 82.%,&.> %9( .23(Y> "7K ,33+(>> ,.3
%9( )&+%#,$ $()($ &.B2+D,%&2. ,>>28&,%(3 5&%9 %9( .23(S :&.8(
%9( >&^( 2B %9( +(>#$% B+2D :N7'! &> !L` J&%>I &% 8,. ,)2&3
%52 (.%+&(> 9,)( %9( >,D( 9,>9 ),$#( &. D2>% 8,>(>S 7B%(+ %9(
9,>9&./ ;+28(>>I .23(> 9,)( %9(&+ 25. #.&U#( 9,>9 ),$#(> ,>
%9(&+ &3(.%&!(+> &. %9( >(.>2+ .(%52+6S
:% ;'<<0!3
E9( D,;;&./ ;+28(>> &. "*- ,;;$&(> %9( GNE %(89'
.&U#(> WOXI W]X %2 3&>%+&J#%( %9( +2#%&./ &.B2+D,%&2. 2. %9( +&./S
E9#> , .23( +(>2$)(> %9( 9,>9 B#.8%&2. JF 82DD#.&8,%&./ 5&%9
, B(5 2%9(+ .23(>S GNE #>(> , ),+&,.% 2B 2+3(+(3 9,>9 ),$#(>I
59&89 &> >&D&$,+ %2 82.>&>%(.% 9,>9&./ W\XI %2 ,>>&/. %92>(
#.&U#( &3(.%&!(+> %2 >(.>2+ .23(>I 59(+( (,89 .23( +(8(&)(>
+2#/9$F %9( >,D( .#DJ(+ 2B .,D( &3(.%&!(+>ZO(log(N))[S T.
%9( J2%%2D $()($ 2B "*-I &% J(82D(> , GNE +&./I &. 59&89
,$$ &3(.%&!(+> ,+( D,;;(3 &.%2 %9( +&./S
7B%(+ %9( D,;;&./ ;+28(>>I , >D,+% ,.3 +2#%,J$( >(.>2+ .(%'
52+6 9,> J((. 8+(,%(3S Q,89 .23( D,&.%,&.> , .23( &.3(@ %,J$(
%2 >%2+( %9( +($(),.% +2#%&./ &.B2+D,%&2.S 12+ (@,D;$(I %9(+(
3
Authorized licensed use limited to: DEAKIN UNIVERSITY LIBRARY. Downloaded on June 09,2010 at 00:47:57 UTC from IEEE Xplore.  Restrictions apply. 
\c
!
L
O
\
P
]
_
1&/S OS b(F $28,%&2. B2+ , .(%52+6 5&%9 .23(> cI ! ,.3 O
E7M?Q CC
GQ1C4CECT4 T1 *7-C7M?Q: 1T- 4TGQ 4I H:C4A "'MCE: CGQ4EC1CQ-:
1+/'/0+! =,!!0/0+!
!./(+W6XS>%,+% Z. g 2k+1[ D23 2mI 1 ≤ k ≤ m D23
S&.%+),$ !./(+W6XS>%,+%I !./(+W6g!XS>%,+%
S.23( !+>% .23( ≥ .S!./(+W6XS>%,+%
>#88(>>2+ %9( .(@% .23( 2. %9( &3(.%&!(+ 8&+8$(
;+(3(8(>>2+ %9( ;+()&2#> .23( 2. %9( &3(.%&!(+ 8&+8$(
,+( 8 .23(> &. 1&/#+( OS E9( 3&>%+&J#%(3 +2#%&./ &.B2+D,%&2.
&> >925. &. E,J$( C &. 59&89 (,89 .23( V#>% >%2+(> 3 2%9(+
.23(> &.B2+D,%&2. Zlog(8) = 3[S E9( ith 2%9(+ .23( ,% %9(
.23( n &> 8,$8#$,%(3 ,> n+2i−1S E9( &.%(+),$ J(%5((. %9( ith
2%9(+ .23( ,.3 (i+ 1)th 2%9(+ .23( &> 2i−1S 12+ (@,D;$(I ,%
.23( 0I %9( !+>% 2%9(+ .23( >92#$3 J( >%2+(3 &> .23( 0+21−1
59&89 &> .23( 1S E9( >(82.3 2%9(+ .23( ,% .23( 0 &> .23(
0 + 22−1 59&89 &> .23( 2S E9( %9&+3 2%9(+ .23( ,% .23( 0 &>
.23( 0 + 23−1 59&89 &> .23( 4S
=% -,'7(60!3
E9( >(,+89&./ ;+28(>> &. "*- &> &.>;&+(3 &3(, B+2D %9(
K92+3 WOXI W]XS 7 .23( &. K92+3 .((3> 2.$F , >D,$$ ,D2#.%
2B h+2#%&./i &.B2+D,%&2. ,J2#% 2%9(+ .23(>Y &3(.%&!(+>S "*-
J2++25> %9&> &3(,I J#% %9( ;#+;2>( 2B >(,+89&./ &. "*-
&> 3&BB(+(.%S E9( >(,+89&./ ;#+;2>( &. "*- &> %2 &3(.%&BF
%9( 3(>%&.,%&2. .23(Y> &3(.%&!(+ 2+ $()($ &.B2+D,%&2. %9+2#/9
>(,+89&./ %9( .23( &3(.%&!(+S
7882+3&./ %2 %9( K92+3I $(% m J( %9( .#DJ(+ 2B J&%> &. %9(
6(F .23( &3(.%&!(+>S Q,89 .23(I nI D,&.%,&.> , +2#%&./ %,J$(
5&%9 Z,% D2>%[ D (.%+&(>I 8,$$(3 , !./(+ %,J$(S E9( ith (.%+F
&. %9( %,J$( ,% .23( . 82.%,&.> %9( &3(.%&%F 2B %9( !+>% .23(I
>I %9,% >#88((3> . JF ,% $(,>% 2i−1 2. %9( &3(.%&!(+ 8&+8$(I
&S(SI s = successor(n + 2i−1)I 59(+( 1 ≤ i ≤ m Z,.3 ,$$
,+&%9D(%&8 &> D23#$2 2m[S =( 8,$$ .23( > %9( ith !./(+ 2B
.23( .I ,.3 3(.2%( &% JF .S!./(+W&XS.23( Z>(( E,J$( CC[S
12+ (@,D;$(I 82.>&3(+ %9( 1&/#+( OS :#;;2>( .23( O 5,.%>
%2 !.3 %9( >#88(>>2+ 2B &3(.%&!(+ !S :&.8( ! J($2./> %2 %9(
8&+8#$,+ &.%(+),$ W_IO[I &% J($2./> %2 OS!./(+WOXS&.%(+),$d .23(
O %9(+(B2+( 89(86> %9( %9&+3 (.%+F &. &%> !./(+ %,J$(I 59&89 &>
cS M(8,#>( c ;+(8(3(> !I .23( O 5&$$ ,>6 .23( c %2 !.3 %9(
>#88(>>2+ 2B !S C. %#+.I .23( c 5&$$ &.B(+ B+2D &%> !./(+ %,J$(
%9,% !Y> >#88(>>2+ &> %9( .23( ! &%>($BI ,.3 +(%#+. .23( ! %2
.23( OS
>% ?+@/0!3
E9( +2#%&./ ;+28(>> &. "*- &.9(+&%> %9( ,3),.%,/(> 2B
D#$%&'$()($ )&+%#,$ +&./I 59(+( %9( 8+2>>'$()($ +2#%&./ 8,.
J( 3(;$2F(3S =&%9 8+2>>'$()($ )&+%#,$ +&./I ;,86(%> 8,. J(
B2+5,+3(3 (B!8&(.%$F %2 %9( 3(>%&.,%&2. 5&%92#% "223&./S 7B%(+
%9( >(,+89&./ ;+28(>>I %9( >2#+8( .23( 2J%,&.> %9( 3(>%&.,%&2.
$()($S E9(. %9( >(.>2+ .23( $226> #; %9( 8+2>>'$()($ &.%(+B,8(
%2 3(8&3( 59&89 ;9F>&8,$ .(&/9J2+ &> %9( D2>% >#&%,J$( .23(
,> %9( .(@% 92;S
Q)(+F .23( &. "*- D,&.%,&.> , +2#%&./ %,J$(I 59(+( %9(
)&+%#,$ $()($ &.%(+B,8( ,.3 %9( ;9F>&8,$ .(&/9J2+ >(% ,+( >%2+(3S
=9(. , .23( +(8(&)(> , ;,86(%I &% 5&$$ ,.,$F^( %9( ;,86(%
9(,3(+ %2 !.3 %9( 3(>%&.,%&2. $()($ ,.3 82D;,+( 5&%9 &%>
25. $()($ JF #>&./ %9( $()($ >&D&$,+&%F 3(8&>&2. ,$/2+&%9D
Z7$/2+&%9D L[ %2 8,$8#$,%( &%> .(@% 92;I 59&89 %25,+3> %9(
3(>%&.,%&2. $()($S =9(. , .23(I $28,%(3 ,% %9( 3(>%&.,%&2. $()($I
+(8(&)(> %9&> ;,86(% ,.3 !.3> %9( 3(>%&.,%&2. $()($ B+2D %9(
;,86(% 9(,3(+ &> %9( >,D( ,> &%> 25. $()($S E9(. %9&> .23(
5&$$ B2+5,+3 %9( ;,86(% ,882+3&./ %9( >92+% ;,%9 #>&./ %9( J(>%
)&+%#,$ .(&/9J2+I 59&89 &> >&D&$,+ %2 %9( &3(, 2B *-- W!]XS S
O,>$*'01% M ?()($ :&D&$,+&%F G(8&>&2. 7$/2+&%9D
!0 -(8(&)( B2+5,+3 ;,86(% 5&%9 3(>% $()($ ,.3 3(>% &3(.%&!(+
;,+,D(%(+>
L0 '4 E9( 3(>% $()($ > DF $()($ 01-(
O0 :2#+8( .23( $226> #; &%> #;;(+ &.%(+B,8( ,.3 82D;,+(>
5&%9 &%> ;9F>&8,$ .(&/9J2+ >(% %2 !.3 59&89 2.( >92#$3
J( >($(8%(3 ,> .(@% 92;
\0 -,.- '4 E9( 3(>% $()($ < DF $()($ 01-(
P0 :2#+8( .23( $226> #; &%> 325. &.%(+B,8( ,.3 82D;,+(>
5&%9 &%> ;9F>&8,$ .(&/9J2+ >(% %2 !.3 59&89 2.( >92#$3
J( >($(8%(3 ,> .(@% 92;
]0 -,.-
_0 <,86(% 9,> J((. ,++&)(3 2. %9( 3(>%&.,%&2. $()($ ,.3
>92#$3 B2+5,+3 %9&> ;,86(% %2 &%> .(@% 92; ,882+3&./ &%>
)&+%#,$ .(&/9J2+ >(%
`0 -(2 '4
E9( &3(, J(9&.3 "*- +2#%&./ B2+5,+3 &> %2 %,6( ,3),.%,/(>
2B %9( 8+2>>'$()($ B2+5,+3&./S MF 3(;$2F&./ %9&> D(89,.&>DI
;,86(%> 8,. JF;,>> >2D( h#>($(>>i +2#%&./ .23(> ,.3 J(
B2+5,+3(3 3&+(8%$FS
A% -('.'*0.0/B
T.( 2B %9( J&/ 89,+,8%(+> 2B ;((+'%2';((+ &. 5&+($(>> >(.>2+
.(%52+6 &> %2 9,)( , /223 >8,$,J&$&%FW!`XS E9&> +(U#&+( "*-
>92#$3 J( , .(%52+6 >%+#8%#+( 59(+( ()(+F .23( 8,. V2&. &. ,.3
$(,)( (,>&$F 5&%92#% ,BB(8%&./ %9( >(.>2+ .(%52+6Y> >%+#8%#+(
,.3 2%9(+ .23(>Y 82..(8%&2.S "*- #>(> %52 D,&. D(%923> %2
D,6( >#+( .(5 .23(> 8,. V2&. &.%2 %9( 2+&/&.,$ >(.>2+ .(%52+6S
T.( 5,F &> V#>% %2 $&.6 , .(5 .23( %2 %9( J2%%2D $()($ ,> ,
89&$3S E9( 2%9(+ 2.( &> %9,% ,B%(+ , 8(+%,&. %&D(I %9( >(.>2+
.(%52+6 5&$$ +(;(,% %9( J,86J2.( >($(8%&2. ;+28(>> ,.3 8+(,%(
, .(5 D#$%&'$()($ )&+%#,$ +&./ %2 >#&% %9( .(5 %2;2$2/FS
=9(. , .(5 .23( V2&. &.%2 , >(.>2+ .(%52+6I %9,% D(,.>
%9&> .23( &> ,$+(,3F $&.6(3 %2 ,.2%9(+ .23( ,.3 $28,%(3 &.
%9&> >(.>2+ .(%52+6S :&.8(I %9&> .(5 .23( 8,. J( %+(,%(3 ,>
4
Authorized licensed use limited to: DEAKIN UNIVERSITY LIBRARY. Downloaded on June 09,2010 at 00:47:57 UTC from IEEE Xplore.  Restrictions apply. 
Pjc
jP
j!c
j!P
jLc
jc jP j!c j!P jLc jLP jOc4
#
D
J
(+
j2
Bj
N
2
;
jK
2
#
.
%>
j%
2
j1
&.
3
j,
jK
(+
%,
&.
jK
2
.
%(
.
%
4#DJ(+j2Bj:(.>2+j423(>
"*-
:*-
1&/S \S N2; K2#.%> %2 1&.3 , K(+%,&. 423(
,.2%9(+ .23(Y> 89&$3I &% 8,. J( ,33(3 %2 %9( (@&>%&./ .(%52+6
,> , h89&$3i ,.3 $&.6(3 %2 %9( J2%%2D $()($ 5&%9 &%> h;,+(.%iS
7B%(+ %9,%I %9&> .(5 .23( 5&$$ #>( %9( MVRHash() %2 /(% ,
#.&U#( &3(.%&!(+ B+2D %9( "*-S E9(. %9( .23( >(.3> &%> "*-
&3(.%&!(+ %2 %9( J2%%2D $()($ %9+2#/9 &%> ;,+(.% ,.3 %9(. %9(
J2%%2D $()($ 5&$$ ,33 %9&> .(5 &3(.%&!(+ &.%2 %9( GNES 7B%(+
%9(>( %52 >%(;>I %9&> .(5 .23( 8,. J( ,33(3 ,> , .2+D,$ .23(
&. %9&> >(.>2+ .(%52+6S
7B%(+ , 8(+%,&. %&D(I 59&89 3(;(.3> 2. %9( >&^( 2B %9(
.(%52+6I %9( >(.>2+ .(%52+6 >92#$3 J( #;3,%(3S E9( ;+28(>> 2B
#;3,%&./ &> %9( >,D( ,> B2+D&./ , .(5 "*- >(.>2+ .(%52+6S
C% .((3> J,86J2.( >($(8%&2.I .,D&./ ,.3 D,;;&./S 7B%(+ %9&>
%52 >%(;>I .(5 .23(> 8,. J( $28,%(3 ,% %9( +&/9% ;$,8(I 59&89
8,. &D;+2)( %9( +2#%&./ (B!8&(.8FS
=( #>( .2%,%&2. (D;$2F(3 &. ,>FD;%2%&8 ,.,$F>&> %2 3(>8+&J(
),+&2#> >8,$,J&$&%F 89,+,8%(+&>%&8>S E9#> 5( #>( %9( Ω(X) %2
3(.2%( , $25(+ ,>FD;%2%&8 J2#.3I O(X) %2 3(.2%( ,. #;;(+
,>FD;%2%&8 J2#.3I ,.3 Θ(X) %2 3(.2%( , >&D#$%,.(2#> #;;(+
,.3 $25(+ ,>FD;%2%&8 J2#.3S MF ,>FD;%2%&8 J2#.3I 5( +(B(+
%2 %9( >8,$&./ J(9,)&2+ 2B %9( ;+2%282$ 5&%9 +(>;(8% %2 , /&)(.
),+&,J$(S
C. "*-I %9( J,86J2.( .23(> Z(S/SI N .23(>[ ,+( B2+D(3
%2 $()($'! 2B %9( +&./S E9(.I #; %2 N − 2 .23(> ,% D,@&D,D
,+( B#+%9(+ B2+D(3 %2 $()($'L 2B %9( +&./I (%8S C. /(.(+,$I 5&%9
, $()($ 3(/+(( 2B dI %9( >&^( 2B %9( +2#%&./ %,J$( 5&$$ J( 2. %9(
2+3(+ 2B O(d ∗ logN)S
C% -02@.'/0+!"
C. 2+3(+ %2 D(,>#+( %9( 3(>&/. /2,$> 2B .,D( +2#%&./ "*-I
5( (),$#,%( 2#+ &3(,> 2. !"D#S E9( >&D#$,%&2.> 82D;,+(3 %9(
;(+B2+D,.8( 2B "*-I G:-W!aXI 7TG*W!OX ,.3 :&./$( *&+%#,$
-&./ Z:*-[I 59&89 &> >&D&$,+ %2 %9( *--W!]XS :&.8( &% &> ,
.(5 ;((+'%2';((+ .,D( +2#%&./ >%+#8%#+( &. 5&+($(>> ,.3 >(.>2+
.(%52+6I 5( D,&.$F B28#> 2. %9( +($&,J&$&%FWLcX ,.3 +2#%&./
;(+B2+D,.8( >&D#$,%&2. +(>#$%> &. %9&> ;,;(+S
8E >F'.@'/0+! ;,/70("G =( D(,>#+(3 %9( B+,8%&2. 2B >(,+89'
&./ , %,+/(% .23(I %9( (.3'%2'(.3 3($,F B2+ %9(>( ;,86(%> ,.3
%9( .#DJ(+ 2B ;+28(>>&./ D(>>,/(> ;(+ 82++(8% 3($&)(+F 2B
"*-S Q,89 (@;(+&D(.% +#. %9+(( %&D(> ,.3 5( ;+(>(.% %9(
,)(+,/( +(>#$% B2+ (,89 D(%+&8S =( #>(3 %9( >,D( %+,B!8 ,.3
%2;2$2/F ;,%%(+.> B2+ ,$$ ;+2%282$>S
jc
jcSccL
jcScc\
jcScc]
jcScc`
jcSc!
jc jPc j!cc j!Pc jLcc
Q
.
3
'%
2
'(
.
3
j3
($
,F
jZ
>(
82
.
3
[
4#DJ(+j2BjKM-jB$25>
"*-
:*-
7TG*
G:-
1&/S PS Q.3'%2'(.3 G($,F
#E H,7I+72'!(, +I ",'7(60!3 ' /'73,/ !+4,G T.( 2B ;#+'
;2>(> 2B %9( "*- >%+#8%#+( &> %2 U#&86$F !.3 ,.3 $28,%( %9(
%,+/(% .23(S =( 3(>&/.(3 ,. (@;(+&D(.% %2 %(>% 925 D,.F
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;+()&2#> %9+(( +2#%&./ ;+2%282$>S E9&> &> 3#( %9,% :*- D,;
,$$ .23(>Y .,D( &3(.%&!(+> %2 %9( >&./$( +&./ ,.3 ;(+B2+D %9(
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Lcc!S WT.$&.(XS 7),&$,J$(0 9%%;0mm555SB,U>S2+/m+B8>m+B8O!_\S9%D$
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928 5&+($(>> .(%52+6>Ii &. U07,.,"" 1,/K+7)"I !aaaI ;;S \`lPPS
6
Authorized licensed use limited to: DEAKIN UNIVERSITY LIBRARY. Downloaded on June 09,2010 at 00:47:57 UTC from IEEE Xplore.  Restrictions apply. 
